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IULFWLRQ3LHULQJHUHWDO1RWVRDEUXSWURXJKQHVVDOVRRFFXUVLQFOXGLQJXQHYHQZKHHOZHDUFRUUXJDWHGUDLO
FUDFNVDQGURXJKQHVVGXHWRZKHHOVOLSSDJH7KH\DOVRDWFHUWDLQVSHHGVPD\FUHDWHFRQGLWLRQVIRUZKHHOGHUDLOPHQW
:LWKWKHHPHUJHQFHRIVWURNHVDWWKHZKHHODQGUDLOFRQWDFWWKHYHUWLFDOIRUFHVPD\LQFUHDVHXSWRDQGPRUHWLPHV
WKXVFDXVLQJVHULRXVGDPDJHRIWKHUROOLQJVWRFNDQGWKHWUDFNDQGHQKDQFLQJULVNWRWKHVDIHWUDLQWUDIILFɋɥɚɞɤɨɜɫɤɢɣ
HWDO:LWKLQFUHDVLQJYHKLFOHYHORFLW\WKHG\QDPLFIRUFHVFDXVHGE\WKHVHGLVWXUEDQFHVLQFUHDVHDVZHOO3RSS
HWDO7KHUHIRUHLWLVQHFHVVDU\WRLGHQWLI\WKHVDLGIDXOWVRIWKHUROOLQJVWRFNLQGXHWLPHDQGDVPXFKSUHFLVHO\
DVSRVVLEOHDQGWRHOLPLQDWHWKHP6SHFLDOPHWKRGVDUHQHFHVVDU\IRUH[SORULQJWKHYHUWLFDOZKHHODQGUDLOLQWHUDFWLRQ
VLQFHWKHVHSURFHVVHVDWVWURNHVDUHEHFRPLQJRIKLJKIUHTXHQF\'XUDWLRQRIWKHKLJKHVWPRPHQWDU\IRUFHDFWLRQLQ
WKHZKHHODQGUDLOFRQWDFWGHSHQGLQJRQWKHWUDLQPRWLRQVSHHGFRYHUVVHYHUDOPLOOLVHFRQGVRUHYHQOHVV7KLVKDVEHHQ
IL[HGE\WKH:KHHO,PSDFW/RDG'HWHFWRU:,/'GDWDEDVH
7KLVSDSHUGHDOVZLWKWKHSURFHVVRIGHWHFWLRQRIZKHHOGHIHFWVLQPRYLQJWUDLQVDQGSURFHVVLQJRIWKHGDWDREWDLQHG
(TXLSPHQWRIUDLOYHKLFOHZKHHOGHWHFWLRQ
'XULQJ UHVHDUFK WKH:KHHO ,PSDFW /RDG 'HWHFWRU KHUHLQDIWHU ±:,/' V\VWHP ZDV XVHG E\ WKH /LWKXDQLDQ
5DLOZD\VOLQHVWRFRQVWDQWO\PHDVXUHWKHYHUWLFDOZKHHODQGUDLOLQWHUDFWLRQIRUFHRIWKHULGLQJUROOLQJVWRFNWKURXJK
WKHRYHUDOOZKHHOSHULPHWHU0HDVXUHPHQWUHVXOWVDUHUHODWHGWRWKHVSHFLILFWUDLQQXPEHUZKHHOVHWQXPEHUDQGWKH
WUDLQVLGH$GGLWLRQDOO\WKHWUDLQVSHHGQXPEHURID[OHVDQGWUDLQSDVVLQJWLPHDUHIL[HG7KHEDVLFFRPSRQHQWRID
:,/'V\VWHPLVWKHWUDFNPRXQWHGVHQVRUDUUD\VHH)LJ


)LJ:KHHOLPSDFWORDGGHWHFWRU
7KHUHDUHWZREDVLFW\SHVRIVHQVRUVWKHRULJLQDOVHQVRUVDUHEDVHGRQVWUDLQJDXJHVDQGPHDVXUHIRUFHDQGWKHQHZ
W\SHLVEDVHGRQDFFHOHURPHWHUVDQGPHDVXUHVUDLOPRWLRQ7KHVHQVRUVDUHLQVWDOOHGDWVWUDWHJLFSODFHVDORQJWKHWUDFN
WRPRQLWRUSDVVLQJWUDLQVWRLQYHVWLJDWHVSHFLILFVDIHW\UHODWHGV\PSWRPV
7KHLQVWDOODWLRQRI:,/'VUHTXLUHVQRUDGLFDOPRGLILFDWLRQRIWKHH[LVWLQJWUDFNVWUXFWXUH$VHULHVRIVWUDLQJDXJH
ORDGFLUFXLWVPLFURZHOGHGGLUHFWO\WRWKHQHXWUDOD[LVRIDUDLOFUHDWHVDQLQVWUXPHQWHG]RQHIRUWKHPHDVXUHPHQWRI
YHUWLFDOIRUFHVH[HUWHGE\HDFKZKHHORIDSDVVLQJWUDLQ6LJQDOSURFHVVRUVKRXVHGLQDQHDUE\XQLWHOHFWURQLFDOO\
DQDO\]HWKHGDWDWRLVRODWHZKHHOWUHDGLUUHJXODULWLHV,IDQ\ZKHHOJHQHUDWHVDIRUFHWKDWH[FHHGVDWDLORUHGDODUPLQJ
WKUHVKROGDUHSRUWLGHQWLILHVWKDWZKHHOIRUDFWLRQ$ORZOHYHODODUPLGHQWLILHVWUDLQVIRUVHUYLFHDWWKHQH[WDYDLODEOH
RSSRUWXQLW\ DQG D KLJKOHYHO DODUP GLUHFWV D WUDLQ WR VWRS DV TXLFNO\ DQG VDIHO\ DV SRVVLEOH WR DYRLG D SRWHQWLDO
GHUDLOPHQW7KHVHUHSRUWVDUHXVXDOO\GLVWULEXWHGLQUHDOWLPHWRVXFKLQWHUHVWHGSDUWLHVDVUDLOWUDIILFFRQWUROFHQWUHV
DQGFDUVKRSV
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8VLQJUDLOPRXQWHGVWUDLQJDXJHVDVWKHZKHHOVHQVRUVLWFDQZHLJKHDFKZKHHORIDWUDLQDVLWSDVVHVRYHUDQG
GHWHFWVNLGIODWVLQWKHZKHHOV$ZKHHOZLWKIODWVSRWVFDQFUHDWHLPSDFWORDGVPDQ\WLPHVKLJKHUWKDQWKHIXOO\ORDGHG
ZHLJKWRIWKHZDJRQVLWFDUULHVDQGFDXVHVHULRXVGDPDJHWRWKHUDLOURDG
1HZ:,/'V\VWHPVXVHDQDUUD\RIDFFHOHURPHWHUVWRPHDVXUHWKHFKDQJHLQPRWLRQ$LUEDJVLQZDJRQVDUH
UHOHDVHGZKHQDQDFFHOHURPHWHUVHQVHVVXGGHQH[WUHPHFKDQJHV:KHQWKHZKHHOJRHVRYHUWKHPWKH\UHDGSRVLWLYH
DQGDVWKHZKHHOUROOVSDVWWKH\UHDGQHJDWLYH$Q\LUUHJXODULWLHVLQWKHZKHHOFDXVHWKHVLJQDOVWRJRERWKSRVLWLYH
DQGQHJDWLYHDVWKHZKHHOUROOVRYHUWKHP
7KHDUUD\RIVHQVRUVLVPRXQWHGRQWUDFNWRJHWKHUZLWKDQ$XWRPDWLF(TXLSPHQW,GHQWLILFDWLRQ$(,WDJUHDGHU
ZKLFKGHWHUPLQHVWKHZDJRQV,'ZKHQDWUDLQSDVVHVLGHQWLI\DQGWUDFHHYHU\ZKHHOLQWKHIOHHWIRUDVORQJDVWKDW
ZKHHOLVLQVHUYLFH7KHGDWDJDWKHUHGIRUHDFKD[OHLVDXWRPDWLFDOO\UHFRUGHGRQDGDWDEDVHE\WKHVLJQDOSURFHVVRU
DQG WKH FRQWURO 3& ,W LV WKHQ WUDQVPLWWHG WR WKH UDLOZD\ FRQWURO FHQWUH RU GHSRW PDLQWHQDQFH FHQWUH IRU UHPRWH
PRQLWRULQJDQGGLDJQRVLV
:KHQDZKHHOJHQHUDWHVDIRUFHWKDWFDXVHVWRRKLJKDQLPSDFWVXFKDVLWUHDFKHVDSUHGHWHUPLQHGLPSDFWOHYHO
FRPSDUHGWRWKHKLVWRULFDOYDOXHHJDIUHLJKWZDJRQ¶VZKHHOH[HUWVDSHDNWKHG\QDPLFFRHIILFLHQW'DQJHURU
DERYHLVFRQVLGHUHG³RXWRIURXQG´DQGLVRQWKHSDWKWRIDLOXUHVHH)LJ


)LJ,QDGPLVVLEOHZKHHOIODWRQWKHZKHHOUROOLQJVXUIDFH
,WLVWKHEHJLQQLQJDQGWKHHQGRIDPHDVXULQJVWULS7KHG\QDPLFFRHIILFLHQWKHUHLQDIWHUWKH'&ZKLFKWREH
GUDZQIURPWKHIROORZLQJIRUPXODSURYLGHVLQIRUPDWLRQRQWKHVWDWXVRIWKHZKHHOWKHKLJKHUWKH'&WKHKLJKHUWKH
GHJUHHRIZHDURIWKHZKHHO
7KHG\QDPLFFRHIILFLHQWLVFDOFXODWHGIURPWKHIROORZLQJIRUPXOD
statQ
QDC PD[   
ZKHUHQPD[LVWKHKLJKHVWLQGLFDWHGYHUWLFDOG\QDPLFIRUFHRQWKHZKHHOQstatLVWKHYHUWLFDOVWDWLFIRUFHRQWKHZKHHO
7KHG\QDPLFVDUHUHIHUUHGWRDVVHPLQRUPDOL]HGLPSDFWIRUFHVDVWKH\FDQFHORXWWKHHIIHFWWKHZHLJKWKDVRQWKH
LPSDFW UHDGLQJ)RUH[DPSOHDZKHHOFDUU\LQJELJJHUZHLJKWZLOOKDYHDKLJKHUSHDN ORDGVLPSO\EHFDXVHRI WKH
JUHDWHUVWDWLFIRUFHRQWKHZKHHO6LPLODUO\DWUDLQPRYLQJDWDKLJKHUVSHHGZLOOKDYHDKLJKHUSHDNORDGMXVWEHFDXVH
RIWKHKLJKHUG\QDPLFIRUFHVRQWKHZKHHO6LQFHWKH'&FDQFHOVRXWWKHHIIHFWWKHYHKLFOHZHLJKWKDVQRLPSDFWRQD
UHDGLQJEXWWKHVSHHGRIWKHWUDLQVWLOODIIHFWVWKHLUUHDGLQJVRXWWKHVHDUHFRQVLGHUHGRQO\VHPLQRUPDOL]HGLPSDFW
YDOXHV
7KLVZRUNLVDLPHGDWH[SORULQJWKHFRQILUPDWLRQRIUHOLDELOLW\RIIDLOXUHVIL[HGE\D:,/'V\VWHPGLVWULEXWLRQRI
IDLOXUHW\SHVDQGGHSHQGHQFHRIHPHUJHQFHRIGLIIHUHQWIDLOXUHW\SHVRQWKHZKHHOVHWORFDWLRQLQDZDJRQ
0DWKHPDWLFDOPRGHOVRIDZKHHOIODWLPSDFWRQWKHUDLO
1RWDOOZKHHODQGUDLOFRQWDFWG\QDPLFPRGHOVWDNHLQWRDFFRXQWDGHJUHHRIZKHHOZHDUDQGGDPDJH7RHVWLPDWH
WKHVWURNHIRUFHRIDZKHHOIODWRQWKHUDLOWKHIROORZLQJIRUPXODPD\EHXVHG
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ZKHUHv LVWKHWUDLQVSHHGPVZnLVWKHZKHHOIODWOHQJWKPr LVWKHZKHHOUDGLXVPcLVWKHULJLGLW\DWWKHZKHHO
DQGUDLOFRQWDFW1PmunLVWKHXQVXVSHQGHGPDVVWmrLVWKHUDLOPDVVW
,WLVQRWDEOHWKDWDIRUPXODGRHVQRWHVWLPDWHWKHVXVSHQGHGPDVVLPSDFWRISULPDU\DQGVHFRQGDU\VXVSHQVLRQ
WUDFNURXJKQHVVHWF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.RJDQɄɨɝɚɧHWDO
7KHVHPRGHOVKDYHEHHQODWHULPSURYHGE\WKHVFLHQWLVWVIURP5XVVLDDQGRWKHUFRXQWULHVɄɭɞɸɪɨɜHWDO
:DOOHQWLQHWDOȽɚɪɢɩɨɜHWDO
,QVWXG\LQJDZKHHOUDLOFRQWDFWE\PHDQVRIWKHG\QDPLFPRGHOOLQJSURJUDPSDFNDJH³8QLYHUVDO0HFKDQLVP´QR
RSSRUWXQLW\H[LVWVIRUDVVHVVLQJWKHHPHUJHQFHRIZKHHOIDLOXUHVDQGWKHLULPSDFWRQWKHVWULNLQJIRUFHV7KH3ROLVK
DQG5XVVLDQ VFLHQWLVWV ɋɥɚɞɤɨɜɫɤɢɣ HW DO  SURSRVHG DPHWKRG IRU VROYLQJ WKLV SUREOHP E\PRGHOOLQJ WKH
FRUUHVSRQGLQJ³VLPXODWHG´UDLOLUUHJXODULW\WKHGLDJUDPWKHUHRILVSURYLGHGLQ)LJ

 
 )LJ:KHHOIODWDQGUDLOFRQWDFWGLDJUDP )LJ5DLOLUUHJXODULW\VLPXODWLQJWKH³LGHDO´
 ȽɚɪɢɩɨɜHWDO ZKHHOIODWɋɥɚɞɤɨɜɫɤɢɣHWDO
8SRQ SHUIRUPDQFH RI FDOFXODWLRQV ZLWK WKH JLYHQ PRGHO WKH G\QDPLF LQWHUDFWLRQ RI ZKHHO IODW DQG UDLO ZDV
HVWDEOLVKHGDWWKHYDU\LQJZDJRQVSHHGDQGD[OHORDG)LJ


)LJ9HUWLFDOIRUFHGHSHQGHQFHLQWKHZKHHOUDLOFRQWDFWRQWKHZDJRQVSHHGDQGD[OHORDG
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0DNLQJDQDQDO\VLVRIDQHPSW\ZDJRQLWLVVHHQWKDWZLWKDVSHHGLQFUHDVHWKHVWULNLQJIRUFHDVFRPSDUHGWRWKH
VWDWLFRQHPD\EHKLJKHUE\XSWRWLPHVLHWKHG\QDPLFFRHIILFLHQWYDOXHLV7KHG\QDPLFFRHIILFLHQWRIWKH
IXOO\ORDGHGZDJRQDVLVVHHQZRXOGEHMXVW$FRQFOXVLRQFDQEHGUDZQWKDWWKHG\QDPLFFRHIILFLHQWRIDQHPSW\
ZDJRQLQFUHDVHVPRUHUDSLGO\VLQFHDWWKHVDPHVSHHGWKHZKHHOFRQWDFWZLWKUDLOLVORVWIRUDORQJHUSHULRG
([SHULPHQWDOPHDVXUHPHQWVRIZKHHOVXUIDFHGHIHFWV
'DQJHUOHYHOVDQGG\QDPLFFRHIILFLHQWVIL[HGLQWKHZDJRQVZHUHDQDO\]HGE\IDLOXUHUHDGLQJVDVIL[HGDWWKH:,/'
SRVW7KHDXWKRUVDQDO\]HGIDLOXUHVRIWKRVHUROOLQJVWRFNVZKLFKDFFRUGLQJWRWKH:,/'IL[HGYDOXHVZHUHKDOWHG
IRUDGHWDLOHGVXUYH\ZLWKWKHSXUSRVHRIPRUHDFFXUDWHLGHQWLILFDWLRQRIIDLOXUHVDQGPHDVXUHPHQWRIWKHLUGLPHQVLRQV
:KHHOUROOLQJVXUIDFHIDLOXUHGHSWKVDQGURXJKQHVVZHUHLGHQWLILHGE\WKHLUPHDVXULQJZLWKDUDLOZD\DEVROXWHWHPSODWH
)LJDQGFUDFNOHQJWKVZHUHPHDVXUHGZLWKDUXOHU)LJ'LPHQVLRQVRIPHDVXUHGIDLOXUHVZHUHSURFHVVHGDQG
WKHLUFRPSOLDQFHZLWKWKHSHUPLVVLEOHSDUDPHWHUYDOXHVDFFRUGLQJWRWKHUDLOZD\WHFKQLFDOQRUPDWLYHVZDVDVVHVVHG

 
 )LJ5DLOZD\DEVROXWHWHPSODWH )LJ&UDFNOHQJWKPHDVXULQJZLWKDUXOHU
:,/''DQJHUGXHWRWKHZKHHOUROOLQJVXUIDFHIDLOXUHWKHWUDLQFDQPRYHWRWKHQHDUHVWVWDWLRQZKHUHWHFKQLFDO
VWDIIPXVWSHUIRUPDQD[OHER[LQVSHFWLRQLQPRUHGHWDLODQGLGHQWLI\WKHFDXVHRIKHDWLQJDQG'DQJHUGXHWRWKH
ZKHHOUROOLQJVXUIDFHIDLOXUHWKHWUDLQLVVWRSSHGDWDZD\VWDWLRQDQGWHFKQLFDOVWDIILVFDOOHGOHYHOVDUHH[DPLQHG
'XULQJUHVHDUFKLWZDVLGHQWLILHGWKDWXQGHU:,/''DQJHUDQGOHYHOVZKHHOUROOLQJVXUIDFHIDLOXUHVLQ
ZDJRQVZHUHIL[HG8SRQH[KDXVWLYH LQVSHFWLRQRI IL[HGZDJRQIDLOXUHVRI WKHVWRSSHG WUDLQVDQGSHUIRUPDQFHRI
QDWXUDOPHDVXUHPHQWVRIIDLOXUHVZKHHOUROOLQJVXUIDFHIDLOXUHVZHUHGHWHUPLQHGLQZKHHOVHWVRIZDJRQVLQ
ZDJRQVIDLOXUHVZHUHIL[HGLQZKHHOVHWVDQGLQRQHZDJRQHYHQLQWKUHHZKHHOVHWV'XULQJH[SORUDWLRQLWZDV
LGHQWLILHGWKDWRIZDJRQVQRIDLOXUHVZHUHREVHUYHGRQO\LQRQHZDJRQ$FFRUGLQJO\LWPD\EHVWDWHGWKDWUHOLDELOLW\
RI:,/'UHDGLQJVLVPRUHWKDQ
$FFRUGLQJWR:,/'OHYHOGDQJHUVWKHQXPEHURIWKHZDJRQZKHHOVHWVZLWKIDLOXUHVLVJLYHQLQ)LJ
$:,/'V\VWHPIL[HG'DQJHULQZKHHOVHWVRIZDJRQVDQG'DQJHULQZKHHOVHWVRIZDJRQV
8SRQSHUIRUPDQFHRIILHOGPHDVXUHPHQWVRIZKHHOVHWUROOLQJVXUIDFHIDLOXUHVDQGWKHLUFRPSOLDQFHZLWKWKHOLPLW
SDUDPHWHU YDOXHV SHUPLVVLEOH LQ RSHUDWLRQ ZKHHO IODW GHSWK XS WR  PP XQHYHQ ZHDU XS WR PP LW ZDV
GHWHUPLQHGWKDWQRWDOO:,/'IL[HGIDLOXUHVDUHRIOLPLWYDOXHVDQGWKHUHIRUHQRQHFHVVLW\H[LVWVIRUWUDLQVWRSSLQJIRU
GHWDLOHGLQVSHFWLRQ&RQILUPDWLRQDQGQRQFRQILUPDWLRQRIGDWDUHDGLQJVUHOHYDQWWR:,/''DQJHUDQGOHYHOVLV
SURYLGHGLQ)LJ
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 
 )LJ1XPEHURIZKHHOVHWIDLOXUHVDFFRUGLQJWR:,/' )LJ:,/''DQJHUDQG'DQJHUUHDGLQJV
 GDQJHUOHYHOV FRQILUPDWLRQGDWD
)LJVKRZVWKDWRIZKHHOUROOLQJVXUIDFHIDLOXUHVIL[HGXQGHU:,/''DQJHUOHYHORQO\IDLOXUHVZHUH
FRQILUPHG FRQILUPDWLRQ UHOLDELOLW\  DQG RI  IL[HG IDLOXUHV RI 'DQJHU  OHYHO RQO\  ZHUH FRQILUPHG
FRQILUPDWLRQUHOLDELOLW\7KHWRWDOUHOLDELOLW\RIFRQILUPDWLRQRI:,/'IL[HGIDLOXUHVDFFRXQWVRQO\IRU
8SRQSHUIRUPDQFHRIDQDO\VLVLWZDVGHWHUPLQHGWKDWRIKDOWHGWUDLQVWUDLQVFRXOGEHQRWKDOWHGIDLOXUHVIL[HG
KHUHZHUHRISHUPLVVLEOHGLPHQVLRQV
$IWHUILHOGPHDVXUHPHQWVRIIDLOXUHVSHUIRUPHGZKHHOUROOLQJVXUIDFHIDLOXUHVZHUHLGHQWLILHG'LVWULEXWLRQRI
WKHLGHQWLILHGZKHHOIDLOXUHW\SHVLVGHSLFWHGLQ)LJ


)LJ'LVWULEXWLRQRIZKHHOUROOLQJVXUIDFHIDLOXUHV
)LJVKRZVWKDWDOPRVWRIDOOIDLOXUHVFRQVLVWRIZKHHOIODWVDQGRIFUDFNV
8SRQSHUIRUPDQFHRIILHOGPHDVXUHPHQWVLWZDVGHWHUPLQHGWKDWRIFUDFNVHYHQZHUHZLWKLQWKHSHUPLVVLEOH
OLPLWVRIGLPHQVLRQVOHQJWKXSWRPPRUGHSWKXSWRPPRIZKHHOIODWVHYHQZHUHZLWKLQWKHSHUPLVVLEOH
OLPLWVRIGLPHQVLRQVGHSWKXSWRPPDQGERWKXQHYHQZHDUVZHUHZLWKLQWKHSHUPLVVLEOHOLPLWVRIGLPHQVLRQV
GHSWKXSWRPP
'LVWULEXWLRQRIZKHHO IDLOXUHVGRHVQRWGHSHQGRQ WKHZKHHOVHW ORFDWLRQ LQDZDJRQVLQFH WKHLUGLVWULEXWLRQ LQ
ZKHHOVHWVEHWZHHQDOOZKHHOVHWVLVHTXDO7KLVSKHQRPHQRQLVH[SODLQHGE\WKHIDFWWKDWZKHHOIDLOXUHVDULVHGXH
WRWKHZDJRQGLVWULEXWLRQSURFHVVZKHQVWRSSLQJWKHZDJRQVUROOLQJGRZQIURPWKHGLVWULEXWLQJKLOOZLWKKDQGZKHHO
EUDNHVRQHZKHHOKDVUXQRYHUWKHZKHHOEUDNHVKRHDQRWKHULVVOLGLQJRQWKHUDLODQGDIDLOXUHLVIRUPHGDWWKHVLWH
RIWKHFRQWDFW
'XULQJUHVHDUFKLWZDVLGHQWLILHGWKDWDWWKHSUHVHQFHRIZKHHOUROOLQJVXUIDFHIDLOXUHVWKHGLPHQVLRQVZKHUHRIGRQRW
FRPSO\ZLWKWKHWHFKQLFDOUHTXLUHPHQWVWKH:,/'IL[HG'&LQWKHODGHQZDJRQLVORZHUWKDQWKDWLQWKHHYHQWRIIDLOXUHV
LQDQHPSW\ZDJRQVHH)LJVDQG
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 
 )LJ'HSHQGHQFHRI:,/'IL[HGYDOXHVRIG\QDPLFFRHIILFLHQWV )LJ'HSHQGHQFHRI:,/'IL[HGYDOXHVRIG\QDPLFFRHIILFLHQWV
 DQGFUDFNGLPHQVLRQVRQWKHZDJRQZHLJKW DQGIDLOXUHGLPHQVLRQVRQWKHZDJRQPDVV
'XULQJUHVHDUFKZKHHOIODWDQGFUDFNFRUUHODWLRQFRHIILFLHQWVZHUHFDOFXODWHGLH'&GHSHQGHQFHRQZKHHOIODW
GHSWKDQGFUDFNOHQJWKFUDFNGHSWKVDUHQRWHVWLPDWHGVLQFHWKHLUPHDVXUHGYDOXHVZHUHE\DOPRVWWLPHVORZHUWKDQ
SHUPLVVLEOHDW:,/''DQJHUVHH)LJDQGDQG'DQJHUVHH)LJDQG

 
 )LJ'\QDPLFFRHIILFLHQWGHSHQGHQFHRQZKHHOIODWGHSWK )LJ'\QDPLFFRHIILFLHQWGHSHQGHQFHRQFUDFNOHQJWK
 :,/''DQJHU :,/''DQJHU
 
 )LJ'\QDPLFFRHIILFLHQWGHSHQGHQFHRQZKHHOIODWGHSWK )LJ'\QDPLFFRHIILFLHQWGHSHQGHQFHRQFUDFNOHQJWK
 :,/''DQJHU :,/''DQJHU
$FFRUGLQJWRWKHGHSHQGHQFHVSORWWHGLQ)LJDQG)LJDFRQFOXVLRQLVWREHGUDZQWKDWWKHGHWHUPLQDWLRQ
FRHIILFLHQWRI'&GHSHQGHQFHRQZKHHOFUDFNGHSWKLVYHU\ORZLHYDULHVIURPXSWR
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$FFRUGLQJWRWKHGHSHQGHQFHVFKDUWHGLQ)LJDQG)LJDFRQFOXVLRQLVWREHIRUPXODWHGWKDWWKHGHWHUPLQDWLRQ
FRHIILFLHQWRI'&GHSHQGHQFHRQZKHHOFUDFNOHQJWKLVTXLWHKLJKLHIOXFWXDWHVIURPXSWR
&RQFOXVLRQV
7KHRSHUDWLRQUHOLDELOLW\RI:KHHO,PSDFW/RDG'HWHFWRUV\VWHPFRPSULVLQJXSWRLHRIGHWHFWHG
ZKHHOVHWIDLOXUHVZHUHFRQILUPHG6RWKLVV\VWHPHQRXJKVWURQJO\DVVXUHVWKHWUDLQWUDIILFVDIHW\
5HOLDELOLW\RIFRQILUPDWLRQRI:KHHO,PSDFW/RDG'HWHFWRUV\VWHPIL[HGIDLOXUHVDFFRUGLQJWRWKHOLPLWRIZKHHO
GHIHFWVYDOXHVLVMXVW
 )UHLJKWZDJRQZKHHOIODWVDFFRXQWIRUDQGZKHHOUXQQLQJVXUIDFHFUDFNVIRURIWRWDOZKHHOIDLOXUHV
KDVEHHQREVHUYHGLQ/LWKXDQLDQ5DLOZD\V
5HJXODULW\RIGLVWULEXWLRQRIZKHHO IDLOXUH W\SHVGRHVQRWGHSHQGRQ WKHSRVLWLRQRIDZKHHOVHW LQD IUHLJKW
ZDJRQERJLH
'\QDPLFFRHIILFLHQWYDOXHVIL[HGE\:KHHO,PSDFW/RDG'HWHFWRUDUHKLJKHUE\WLPHVLQDQHPSW\ZDJRQ
WKDQLQWKHORDGHGRQHXQGHUWKHWUDLQUXQQLQJHTXLYDOHQWFRQGLWLRQV
 )RUWKHIXUWKHUUHVHDUFK LW LVQHFHVVDU\WRUHYLVH WKHPHWKRGVRI'\QDPLFFRHIILFLHQWGHILQLWLRQRQRUGHU WR
DVVHVVWKHORDGLQJOHYHORIDIUHLJKWZDJRQ
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